Aim: To generate a novel acute anemia model by compelled exercise. Methods: Young adult male mice were compelled to perform an acute exercise by electric stimulation for 30 min. Blood was taken from their tails to be used for detection immediately after exercise. Results: It was found that the red blood cell (RBC) count, hemoglobin concentration and hematocrit of exhausted mice were lower than that of sedentary mice without electric stimulation. The model is in line with the diagnostic criteria. As the mechanisms of the acute anemia model, it was found that the osmotic fragility of the RBC in model mice increased compared to that of normal mice, and that the deformation index, orientation index, small deformation index, deformability and orientation of RBCs in the model mice were reduced. The glutathione (GSH) levels in blood plasma were decreased. The liver, spleen, kidney had no detectable changes. Conclusion: To the best of our knowledge, these effects represent the success of a novel anemia model by compelled acute exercise. The oxidative damages on RBC and hemorheological changes are in part the causes of acute anemia in this model.
Introduction
Novel anemia models are important for pharmacology, physiology, preclinical medicine, athletic medicine and preventive medicine research [1] . Anemia is a condition in which blood has a lower number of red blood cells than normal. This condition also can occur if red blood cells don't contain enough hemoglobin [2] . According to the Anemia Standards by the National Institutes of Health (NIH), we know there are 3 standards of anemia in adult males: red blood cell(RBC) number <4.0×10 12 /L or hemoglobin concentration <120 g/L or hematocrit <0. 4 .
Although there are many anemia models, such as hypoferric anemia, blood loss anemia, hemolytic anemia, they are still not effective enough for physiology and athletic medicine research. There is still a shortage of suitable acute anemia model induced by compelled exercise [3, 4] . The first aim of the study is to develop an acute anemia model in mice using compelled exercise. The second aim is to investigate the mechanisms mediated in this novel anemia model.
To research the mechanisms of the model lead by acute compelled exercise, we investigated the number of RBC, hemorheological changes, anti-oxidative ability [5, 6] and observed pathological changes in liver, spleen and kidney for these organ associated with bleeding or congestion.
Materials and methods

Reagent
Supporting reagents for a hematology analyzer were purchased from BECKMAN COULTER corporate. Assay kits for analyzing malondialdehyde (MDA) and GSH were purchased from Nanjing Jiancheng Corporate (China). If not mentioned otherwise in text, any other chemicals were of molecular grade and purchased/obtained from Chinese Beijing Xinjingke Corporate.
Animals
The experiments were carried out in compliance with the guidelines for animal care and use of China and the experimental protocols were approved by the animal ethics committee of the Mice were acclimated to single-housing and daily human handling to reduce stress for at least one week prior to experimental procedures [7, 8] . Instruments were made by Institute of Material Medica, Chinese Academy of Medical Science that can generate 1 mV electricity. This instrument was used to generate an animal model of depression by low voltage electricity [6] . The mice were divided equally into two groups: an anemia group in which mice were placed into the instrument to jump and run for 30 min, and the control group in which mice be placed into the instrument without electric stimulation. Mice also stay in it for 30 min. The low voltage is safe for mice, but it can make mice feel irritable and unhappy.
Measurement of RBC count, hemoglobin and hematocrit
Immediately after exercise, the mouse tails mice were cut and 20 µL whole blood was obtained and used to detect the RBC count, hemoglobin and hematocrit with a Hematology analyzer (MEK-6318, made in Japan).
Measurement of cell osmotic fragility
Solutions with different osmotic concentrations (0 to 300 mOsm/kg) were prepared by mixing D-PBS with distilled water in various proportions. Ten aliquots of 1000 µL cell suspensions (2×10 6 cells/mL) were placed in 10 centrifuge tubes. The supernatant was removed after centrifugation at 600×g for 5 min. 500 µL of solutions with different osmotic concentrations were added to these tubes and mixed. 30 min later, the numbers of non-hemolyzed cells in different tubes were counted with a blood cell counting chamber, and the number was divided by that in the control tube (300 mOsm/kg) to obtain the percentages of non-hemolyzed cells [9] .
Measurement of deformation index, orientation index and small deformation index
The deformation index, DI, of the samples was measured by an ektacytometer (Model LBY-BX2 made in China) at shear rate from 50−1000 s -1 [9] . The value of DI at the maximum shear rate 1000 s -1 is designated as (DI) max . Similarly, the RBC were suspended in a 1.25% PVP and adjusted to 2×10 7 / mL for the new ektacytometry. The value of OI and (DI)d at the maximum shear rate 150 s -1 are designated as OI max and (DI) d . max [10, 11] .
The measurement of MDA and GSH Blood serum or TBA was added into 96 well Costar plates, then, 30 μL different concentrations of TEP were added into the same well and mixed. The plate was incubated for 40 min at 60 o C. The optical density (OD) was obtained at 532 nm with M5 (MDs, USA). The standard curve was made according to OD value [12] . 30 μL blood serum of model mice was added into 96-well Costar plates. 170 μL TBA was added into the same well and mixed fully. The plate was incubated for 40 min at 60 o C. After incubation, the optical density (OD) was obtained at 532 nm. The MDA concentration was determined according to the standard curve.
Blood was taken from control mice and model mice, and centrifuged for 15 min at 3000 r/min to obtain serum was obtained. According to protocol of GSH Assay kit, 20 μL blood serum was added into 96-well Costar plates. 20 μL WST working solution was added into the same well and mixed fully. 20 μL enzyme working solution was added into same wells, and incubated for 20 min at 37 o C. After incubation, the plate was measured at 450 nm with a screening machine (M5, MDs corparate, USA). GSH concentration was determined according to the given standard curve.
Methods of pathology research
Immediately after exercise, all mice were sacrificed by decapitation and the liver, spleen and kidney were surgically removed for pathologic examination using HE staining.
Statistical analysis
Values are mean±SD. Statistical differences were calculated with an analysis of variance and P<0.05 was considered significant. ANOVA was used for statistic analysis.
Results
The change of RBC count, hemoglobin, hematocrit in model mice In the model group, all mice were found to be anemia, and the count of RBC, hemoglobin and hematocrit of model mice were decreased. The RBC count, hemoglobin, hematocrit in model mice are decreased by 42%, 26%, and 19%, respectively, compared with that in control mice. We carried out routine examination of blood in control mice and model mice. We found that mice in the model group are anemic, and that the count of RBC, hemoglobin concentration and hematocrit of model mice were lower than that of control mice (P<0.05). The results were shown in Table 1 .
The difference of osmotic fragility between model mice and control mice In the model group, the number of broken RBC was much more than that of control group. The RBC in the model group (Figure 1 ).
Deformation index, orientation index and small deformation index
The deformation index (DI) and orientation index (OI) of RBCs in model mice decreased more than that of control mice (P<0.05). The results were shown in Figure 2 .
The changes of plasma MDA and GSH in blood serum
In the model group, the plasma MDA increased and GSH decreased significantly more than that of control mice(P<0.05).
The results were shown in Figure 3 .
Discussion and conclusions
Anemia models can be used in pharmacology, physiology, preclinical medicine, athletic medicine and preventive medicine research. There is still a shortage of suitable acute anemia models induced by compelled exercise, so it is important to develop a novel anemia model [3] . From Table 1 , the count of RBC, hemoglobin and hematocrit Usually anemia is caused by three main reasons: blood loss, lack of red blood cell production, or high rates of red blood cell destruction. The RBC production rate could be reason for anemia in this study, but blood loss and RBC destruction are the more likely possible causes of the anemia mode [3] . By pathologic examination, we found that exercise in mice doesn't lead to loss of blood obviously in spleen, liver, kidney and intestine. We hypothesize that RBC destruction partly contributes to murine anemia. In results of Gillen's study, the plasma volume decreased by 15% first in prolonged exercise, then later plasma volume recovered or "expanded" [13] . In some study, post exercise volume expansion occurred 1-2 day after high activity exercise (>90 min) [14] . Plasma volume decreased immediately in acute compelled exercise. The RBC production rate is not important to anemia in mice exercised for 30 minutes.
According to our results, cholerythrin of exercised mice increased more than that of control mice. We think that RBC destruction is one important reason leading to anemia [15, 16] . The cause of RBC destruction is discussed below.
Oxidative damage caused by free radical and lipid peroxidation increased in acute compelled exercise. This is one reason for destruction of RBCs and anemia [17, 18] . Our results further confirmed the previous results which proved free radical are produced in acute exercise [19, 20] . In our experiment, we found that the concentration of MDA in blood plasma increased. the deformability of RBC decreased and shape of RBC got worse. These results elucidated part of the mechanisms of the anemia model [21] . According to our results, MDA increased in the serum plasma of model mice. SOD and GSH in serum plasma of model mice were decreased significantly than exercised mice. MDA is a final product of membrane lipid peroxidation, which can be used to evaluate oxidation in serum or cell membranes [22] . SOD is an important antioxidant enzyme to clear oxygen-derived free radicals. We hypothesized that during acute compelled exercises, much free radical was produced, and more SOD and GSH were expended by increased free radicals [12] . The deformability of cell membrane was destroyed, and the RBC were easily destroyed in the microcirculation or the spleen.
In summary, RBC count, hemoglobin concentration and hematocrit of model mice are in accordance with anemia standards. The anemia model is easily generated, convenient and cheap for pharmacology research. All in all, part of the mechanism of this anemia model is detailed below. Firstly, acute compelled exercise leads to increased oxidative stress, and SOD and GSH are destroyed by the oxidative stress. Secondly, lipid peroxidation leads to enhanced MDA. Thirdly, the osmotic fragility and cell deformability decreased, and the latter leads to RBC broken and anemia.
